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(54) SEMICONDUCTOR ARITHMETIC UNIT 

(57)Abstract: 

PROBLEM TO BE SOLVED: To perform a maximum or 
minimum value retrieval operation fast and also with 
high accuracy with respect to a vector quantization 
processor by adjusting the current drive capability of a 
multiple loop circuit in accordance with the change of 
an output of a logical operation circuit. 
SOLUTION: A differential absolute value distance signal 
601 is stored as an electric charge on respective 
floating gates 602 of a V MOS comparator 603. An 
output of an OR gate 608 is fed back to a reference 
voltage signal input terminal 612 of all comparators 603 
through variable resistor 611 that is controlled by a high 
gain amplifier 609 and a controller 610. They forms a 
ring oscillator of a multiple loop. A current drive 
capability that drives input capacitance of the 
comparators 603 is changed by switching the value of 
the resistor 61 1 and a sweep speed of reference 
voltage VR is controlled. The sweep speed of the VR is 
successively reduced by increasing the value of the 
resistor 611 gradually and retrieval accuracy is increased little by little. 




http://wwl9ipdlinpit.gojp/PAl/result/detaiymain/wAAAEwayI3DA4n 2010/02/10 



JP,11-306268,A [CLAIMS] 



1/1 ^— v 



* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original precisely. 
2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 

[Claim 1]1st at least one electrode. 

It has an amplifying-circuit group which consists of two or more groups of the 1st amplifier with a floating gate by which 
capacitive coupling was carried out by a ratio as which only the 2nd one electrode was determined, The 2nd amplifying 
circuit that has a logic operation circuit which inputs an output signal of said amplifying-circuit group, and outputs a 
logical value of 0 or 1 and where an output signal of said logic operation circuit was distributed to an input and an 
output of Perilla frutescens (L) Britton var. crispa (Thunb.) Decne. by all the 2nd electrode of said amplifying-circuit 
group. 

It is the semiconductor arithmetic circuit provided with the above, said 2nd amplifying circuit has a control circuit which 
acijusts output current driving ability, and a control circuit which controls said regulation by a predetermined rule, and 
said regulation in said control circuit is performed to compensate for change of an output of said logic operation circuit. 

[Claim 2]A semiconductor arithmetic unit given in the 1 st paragraph of a claim, wherein said floating gate is connected 
to a predetermined voltage terminal via a switch controlled by the 1st control signal. 

[Claim 3]A semiconductor arithmetic unit given in the 2nd paragraph of a claim accumulating an electric charge on a 
floating gate by setting up said 1st control signal by a prescribed method. 

[Claim 4]A semiconductor arithmetic unit given in the 1 to 3rd paragraphs of a claim with which said 1st electrode is 
characterized by being connected to a predetermined voltage terminal and a signal terminal which takes arbitrary 
pressure values via a switch controlled by the 2nd control signal. 

[Claim 5]A semiconductor arithmetic unit given in the 2 to 4th paragraphs of a claim, wherein said 2nd electrode is 
connected to a predetermined voltage terminal and an output terminal of said 2nd amplifying circuit via a switch 
controlled by the 3rd control signal. 

[Claim 6]A semiconductor arithmetic unit given in the 5th paragraph of a claim accumulating an electric charge on follow 
TINGUGETO by setting up said 1st, 2nd, and 3rd control signals by a prescribed method. 

[Claim 7]A semiconductor arithmetic unit given in the 1 to 6th paragraphs of a claim comprising a circuit which outputs 
1 when it becomes more than a defined number with which the number of one has said logic operation circuit among all 
the outputs of said inversed amplification group. 

[Claim 8]When said logic operation circuit becomes more than a defined number which has the number of one among all 
the outputs of said inversed amplification group, comprise a circuit which outputs 1, and further with an external control 
signal. A semiconductor arithmetic unit given in the 1 to 6th paragraphs of a claim being able to change the number of 1 
defined suitably. 

[Claim 9]A semiconductor arithmetic unit given in the 1 to 8th paragraphs of a claim characterized by what said logic 
operation circuit was constituted for by AND or OR circuit. 

[Claim 10]A semiconductor arithmetic unit given in the 1 to 9th paragraphs of a claim realizing said control circuit using 
a variable resistor. 

[Claim 1 1]A semiconductor arithmetic unit given in the 10th paragraph of a claim realizing said variable resistor using 
MOSFET. 

[Claim 12]A semiconductor arithmetic unit given in the 10 to 1 1th paragraphs of a claim having carried out multiple 
connection of two or more MOSFETs which have various current driving capacity for said variable resistor, and realizing. 

[Claim 1 3]The number of times of regulation of said control circuit, and an aajusting amount per time Loop delay time of 
said multiplex loop oscillating circuit, Power supply voltage, a precision prescribe, and a semiconductor arithmetic unit 
given in the 1 to 12th paragraphs of a claim carrying out an optimization design so that convergence time may become 
the shortest using said signal terminal pressure value expected. 

[Claim 14]A semiconductor arithmetic unit given in the 1 to 13th paragraphs of a claim, wherein a ratio of capacity value 
which total and said 2nd electrode of capacity value which said 1st electrode combines with said floating gate combine 
with said floating gate is 1:1. 

[Claim 15]A semiconductor arithmetic unit of the one to 14th statements of a claim that carry out the feature of having 
a store circuit for memorizing an output signal of said amplifying-circuit group using the 4th control signal, and reading 
the value. 

[Claim 16]A semiconductor arithmetic circuit given in the 15th paragraph of a claim having a circuit which detects only 
what memorized a value of an output of said amplifying-circuit group of the last round of adjustment frequency of 
current driving capacity of said logic operation circuit, and a time in front of one of them in said store circuit, and 
changed among each value. 

[Claim 17]A semiconductor arithmetic circuit given in the 15th paragraph of a claim having a circuit which memorizes a 
value of an output of said amplifying-circuit group of only the last round of adjustment frequency of current driving 
capacity of said logic operation circuit in said store circuit. 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[An industrial applicable field] This invention is concerned with a semiconductor arithmetic unit, and relates to the 
integrated circuit system which can perform operations, such as image processing, at high speed and with high precision 
using a multiple value or an analog signal especially. 
[0002] 

[Description of the Prior Art]In order to transmit the dynamic image data containing many amount of information to a 
remote place, the art of performing a data compression in real time according to the transmission capacity of a 
communication line is needed. There is art of vector quantization as one means of this data compression. In vector 
quantization, as compared with arbitrary vectors with a certain number of dimension, and a different vector (code book) 
of the plurality of the same number of dimension prepared beforehand, the vector which was most alike in it is selected, 
and the original vector is quantized by the number of the pattern. To all the numbers of cases which the original vector 
can take, if there are few vectors (code vector) in a code book, data will be compressed. The vector corresponding to a 
number should just be taken out out of a code book at the time of extension. For this reason, vector quantization is well 
known until now as a data compression algorithm which can do extension very simply. 

[0003]In order to perform this vector quantization operation in parallel at high speed, some exclusive digital processors 
are developed. The correlator which performs comparison of the vector and code vector which are quantized in these 
exclusive processors, and quantifies both similarity is usually arranged at parallel. 
The similarity to all the code vectors is calculated by simultaneous parallel. 

The distance between vectors will usually be used for this similarity, and similarity will be the largest for the smallest 
thing of distance. Therefore, vector quantization is accelerable by providing the circuit which receives and bundles up 
distance data from correlator to simultaneous parallel, and performs minimum search. However, since the digital circuit 
constituted all the processing circuits, it had resulted in occupying a ********** [ in hardware ] very big scale. Since 
many adding machines were needed, especially the correlator realized in the digital circuit had the problem of occupying 
the biggest scale. 

[0004]It is introducing the analog or multiple-value operation for which the one method of solving this problem has very 
simple circuitry into a processing circuit. The report of the binary, multiple value, and analog fusion type arithmetic 
processing circuit using the neuron MOS transistors (nuMOS) which are first 4 terminal devices is made from such a 
viewpoint until now. It became possible by using this to constitute correlator from a very simple circuit. From such 
correlator, the distance data of an analog and multiple-value form will be outputted. The winner-take-all (Winner-Take- 
AlhWTA) circuit using nuMOS comparator which can set up the threshold as an arithmetic circuit for calculating the 
minimum according to distance data out of these distance data has been used. Operation in which this finds the 
minimum of distance data can be reset to find the maximum or the minimum of a threshold of nuMOS comparator. 
Operation of finding the maximum or the minimum of a threshold of nuMOS comparator inputs common reference 
voltage to all the comparators, and should just control it to reverse only the output of a comparator largest [ a 
threshold ] or small. For this reason, the RAMPS can method is proposed until now and that operation is checked (for 
example, JP,6-244375,A). This was a technique of changing reference voltage in monotone over all the dynamic ranges, 
taking out a latch signal, the moment nuMOS comparator with the maximum or the minimum of a threshold was 
reversed, and latching the output value of the comparator at that time to a register. This method is dramatically simple 
and it is easy to understand it. However, the relation of a trade-off to the sweep rate of reference voltage is between 
retrieval precision theoretically, and if it is going to perform a high-speed search, degradation of retrieval precision will 
never be avoided. That is, if a high— speed sweep is performed, while the maximum is detected and a latch signal is 
transmitted to a register, reference voltage will change further by the RAMPS can, and nuMOS comparator of another 
threshold included in the voltage range for the change will also be reversed. In order to refer to one monotonous sweep 
of reference voltage especially in the case of the RAMPS can method, if it is going to secure retrieval precision, a very 
slow sweep will have to be performed over all the dynamic ranges, therefore search time will become long inevitably. 
One method for improving this is shortening the transmission delay time of a latch signal by improvement of circuitry. 
However, there is a limit also in this. In the circuit which takes the further conventional RAMPS can method, there was 
a problem that the RAMPS can signal had to be inputted from the exterior. About this problem, it is provided by art (the 
publication-number WO 96/No. 30855 gazette) as conventionally shown in drawing 18. Namely, in the semiconductor 
arithmetic circuit which uses one or more neuron MOS transistors which have two or more input gate electrodes, It has 
an inverter circuit group containing two or more inverter circuits constituted by neuron MOS transistors, It has a means 
to apply a predetermined signal level to 1st at least one input gate of said inverter circuit, The output signal acquired 
through the inverter circuit of a predetermined number of stages in the output signal of all the inverters contained in 
said inverter circuit group is inputted into a logic operation circuit, The output signal acquired through the inverter 
circuit of a predetermined number of stages in the output signal or it is a semiconductor arithmetic circuit feeding back 
to each 2nd at least one input gate of said inverter circuit contained in said inverter circuit group. Thereby, although it 
became possible [ reference voltage ] to make it generate inside a circuit, in order to take feedback composition, when 
oscillating the reference voltage signal with the amplitude which always exists and performing a highly precise analog 
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voltage comparison operation, the problem remained. 
[0005] 

[Problem(s) to be Solved by the Invention]Then, this invention is performed in order to solve these problems, and it is a 
thing. 

The purpose is to provide the semiconductor arithmetic unit which is high-speed and highly precise and realizes the 
maximum used by the vector quantization processor which comprised a multiple value and an analog fusion type 
arithmetic processing circuit, or minimum retrieval computing. 

It aims at adding the function to search a vector with the distance of still more nearly required ranking. 
[0006] 

[Means for Solving the Problem]This invention has an amplifying-circuit group which consists of two or more groups of 
the 1st amplifier with a floating gate by which capacitive coupling was carried out by a ratio as which 1st at least one 
electrode and only the 2nd one electrode were determined, It has a logic operation circuit which inputs an output signal 
of said amplifying-circuit group, and outputs a logical value of 0 or 1, In a multiplex loop circuit which has the 2nd 
amplifying circuit where an output signal of said logic operation circuit was distributed to an input and an output of 
Perilla frutescens (L.) Britton var. crispa (Thunb.) Decne. by all the 2nd electrode of said amplifying-circuit group, Said 
2nd amplifying circuit has a control circuit which adjusts output current driving ability, and a control circuit which 
controls said regulation by a predetermined rule, and it is characterized by performing said regulation in said control 
circuit to compensate for change of an output of said logic operation circuit. 
[0007] 

[Function]The semiconductor arithmetic unit which is high-speed and highly precise and realizes the maximum used by 
the vector quantization processor which comprised a binary, a multiple value, and an analog fusion type arithmetic 
processing circuit, or minimum retrieval computing by this invention has been realized. It also became possible to add 
the function to search a vector with the distance of still more nearly required ranking. 
[0008] 

[Example]Although an example is raised to below and this invention is explained to it in detail, it cannot be 
overemphasized that this invention is not limited to these examples. 

[0009](Example 1) Example 1 is an example which applied this invention to the vector quantization processor, and 
actually developed. Therefore, although details of the example as the whole processor are given, it cannot be 
overemphasized that this invention cannot apply only to a vector quantization processor, and can apply to realization of 
the function to select a thing with predetermined ranking, such as the maximum and the minimum, from two or more 
voltage signals. 

[0010]The block diagram of a nuMOS analog VQ (AVQ) processor is shown in drawing 1. It assumed that this AVQ 
processor considers compatibility with a digital VQ processor, performed D/A conversion (101) in the preceding 
paragraph of a processor, and inputted into a processor the input vector (106) of 16 elements which are digital signals 
as an analog signal. Therefore, when an input takes analog signal form from the first, it is not necessary to use a D/A 
converter (101). In a 256 vector matching block (102), the difference absolute value distance of an analog input vector 
and code book vectors uses an analog multiple-value operation for full parallel, and it is asked for it. The value of 256 
code book vectors is beforehand written in this matching block all over the circuit in multiple-value form by pattern 
formation using multiple-value ROM art. Next, in a WTA block (103), perform operation of selecting the smallest thing of 
the found distance, the signal of 1 is made to output only to the position with minimum distance of code book vectors in 
binary logic, and all other outputs are set to 0. The result of an operation in WTA is held in 256 latch circuitry (104), and 
is changed and outputted to binary code in WO (Winner-Observer) block (105) after that. The code of the pattern which 
was most alike through these operations is obtained. 

[001 1]Drawing 2 shows the composition of a vector matching block. The matching block has structure which arranged 
the matching cell (difference absolute-value circuit) (203) in the shape of a lattice. Each element of an input analog 
vector (201) is distributed to all the matching cells (203) in parallel via a switching block (202). The value of the element 
of code book vectors is beforehand memorized by each matching cell (203), and the absolute value of the difference of 
the value between each element of an input vector and each element of code book vectors is calculated here. And as 
for that result, it is transmitted to the floating gate (204) of nuMOS comparator via capacitive coupling, the sum of the 
output from the matching cell for 1 6 elements is called for on this floating gate, and, thereby, difference absolute value 
distance is acquired. 

[0012]As shown in drawing 3, the matching cell constituted p-nu MOS of the same specification with two input gates 
using nuMOS source follower and the multiple-value ROM memory integral^type difference absolute-value circuit of the 
form linked to two-piece parallel. Vin and Vm express the signal level of one element of an input vector and code book 
vectors here, respectively. The value of Vm is memorized by the capacitive component rate ratio of the capacity C1 
(310,312) and C2 (31 1,313) which applies nuMOS multiple-value ROM memory art, and is combined with the floating 
gate of these two nuMOSs, The ratio sets up each capacity factor beforehand by how many are used at the time of a 
layout. The memorized value can be read on the floating gate of nuMOS by supplying the power supply voltage Vdd 
(314) and Vss (=0) (315) to each input terminal. The value turns into the value same equivalent as the time of inputting 
the value calculated with a following formula from total input capacitance. 

^m~^1 ^dc/^1 + ^2^ ^ ~^ ne °P erat ' on of this difference absolute-value circuit is divided into two cycles, a precharge 

cycle (319) and an evaluation cycle (322), and is performed. In a precharge cycle, bias of each floating gate is carried 
out to Vdd~|Vtp+| (307). Vtp+ is set as a little bigger value than the threshold voltage Vtp of p-MOSFET seen from the 
floating gate of p-nu MOS here. It connects with Vdd and the output terminal (308) precharges output load capacity. 
Since there are two p-nu MOSs in an ON state at this time, it prevents turning off the switch (304) which leads to the 
drain side, and penetration current flowing. Then, Vin is inputted into the input terminal (310,31 1) of both left-hand side 
p-nu MOSs, Vdd (314) is made the input capacitance C1 (312), and the seal of approval of the Vss (315) is 
independently carried out to the input terminal of right-hand side p-nu MOS at the input capacitance C2 (313). It will 
mean that Vin and Vm were inputted into p-nu MOS on either side by this operation, respectively, and the electric 
charge equivalent to these pressure values will be stored in the floating gate of p-nu MOS on either side, respectively. 
[0013]Next, in an evaluation cycle (322), after separating a floating gate from Vdd-|Vtp+| (307), the right-and-left 
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inversion of the bias of the input terminal of p-nu MOS is carried out. Thereby, voltage phifloor line of the floating gate 
of p-nu MOS on either side and phiFR serve as a value expressed with a following formula, respectively. 

P h 'floor line =V dd-| V tp + l + g amma 
ph^V^HV^+gamma ( V in- V m) 

gamma=(C 1 +C 2 )/(C 1 +C 2 +C 0 ) (2) CO expresses all the capacity united on a floating gate except input capacitance, such 

as gate capacitance and parasitic capacitance, here. The switch by the side of sauce is turned OFF in this state, and 
source follower operation of the two p-nu MOSs is carried out by setting the switch (304) by the side of a drain to ON. 
The electric charge currently stored in output load is discharged until output voltage turns into the same voltage as the 
value which added threshold voltage |Vtp| to the pressure value of the lower one of the floating gate voltage of p-nu 
MOS on either side by this. The value which the output voltage Vout reaches eventually is V out =V dd ~delta-gamma|V in - 

V m |delta=|V tp+ |-|V tp |. It is set to (3) and the voltage which is equivalent to the difference absolute value of the two 

inputs Vin and Vm by this is taken out by the output terminal. 

[0014]As shown in drawing 2, capacitive coupling of the gate which inputs 1 more reference-voltage signal in addition to 
the output from 16 matching cells is carried out to the floating gate of one nuMOS comparator. This gate was set up 
become the capacity value of the same size as the sum total of all the capacity connected to the matching cell. It 
cannot be overemphasized that this capacity factor can be set as a suitable value here according to the design 
specification at that time. While difference absolute value distance is outputted (at the time of an evaluation cycle), the 
floating gate of nuMOS comparator is connected with the output terminal too hastily. At this time, bias of the input 
terminal of a reference voltage signal is carried out to Vdd. The information on the difference absolute value distance 
which expresses the degree of matching by this is stored in the floating gate of nuMOS comparator as an electric 
charge, and can realize pipelining of difference absolute value distance data processing and WTA processing. 
[0015]The short circuit of nuMOS comparator is canceled, and when the input from all the matching cells changes to 
Vdd, the threshold seen from the reference voltage signal input terminal of (the time of a precharge cycle) and nuMOS 
comparator will be set as the value equivalent to difference absolute value distance. In other words, the threshold of 
each nuMOS comparator will be determined by the degree of matching. By this specification, the threshold becomes 
low, so that difference absolute value distance becomes large. Therefore, searching the minimum of difference absolute 
value distance with selecting the highest thing of the threshold of a comparator will cut with WTA. 
[0016]Drawing 4 shows an example of a reference voltage sefMbcusing method which changes reference voltage to a 
multi stage story. This method has taken the method which reverses the sweep direction of a reference voltage signal 
on a multi stage story whenever the maximum is detected, reduces that speed every a times for every time 
simultaneously, and completes reference voltage near the maximum of the threshold of nuMOS comparator gradually, a 
is one or less positive constant here. In this figure, L0 [V/sec] is a value which the formula 4 defines, and expresses the 
sweep rate when carrying out power-supply-voltage Vdd change of the reference voltage by the time delay td. 
l_ 0 =V dd /t d (4) We decided to perform the 1 st-step sweep by sweep-rate aLO. This is because a reference voltage signal 

will swing past the maximum in Vdd or Vss and a meaningless sweep will be performed, before the maximum will be 
detected, if a sweep rate becomes more than L0, and it is supposed by applying a to L0 that the first time is certainly 
swept with the sweep rate not more than L0. When the number of times which sweeps is made into n times, the time T 
[sec] required in order to change reference voltage from drawing 4 to a culmination is found like the formula 5. 

T=V T /(aL 0 ) +t d + (n-1) (a" 1 t d +t d ) (5) VT[V] is a voltage swing to the maximum threshold voltage of nuMOS comparator 

which should be searched from the power supply voltage Vdd here. 

[0017]It is necessary to change a reference signal in the search in a culmination below with the sweep rate Lf [V/sec] 
determined by the formula 6. 

L f =deltaV/t d (6) deltaV[V] is retrieval precision demanded here and td [sec] is a time delay concerning a feedback 
signal spreading the inside of a circuit. Supposing sweep-rate anLO in a culmination is equal to this Lf, the relation of a= 
(deltaV/V dd ) 1/n (7) will be drawn using the formula 4. 

[0018]When the formula 4 and the formula 7 are substituted for the formula 5 and arranged, it is T=t d (n-1) (+V T /V dd ) 

(V dd /deltaV) ( 1/n +n). The relation of (8) is obtained. This result shows that the search time T increases in proportion to 

the feedback time delay td in the case of this method. Furthermore, T becomes so long that the value of VT becomes 
large. That is, when distance is dramatically large, it turns out that search time is needed for a long time. The formula 8 
is expressed as T=(V T +deltaV)/l_f (9) at the time of n= 1. Since this formula serves as a value which broke what added 

accuracy deltaV to amplitude VT to the voltage which should be searched with WTA by the last sweep rate Lf, it turns 
out that this is a formula equivalent to the search time in the RAMPS can method. 

[0019]The value of n needs to determine that the search time T serves as the minimum. Drawing 5 plots the value of 
the search time T when changing some values of deltaV to the number of sweep n. In this calculation, VT=4V was used 
Vdd=5V and td=10ns as a typical parameter. The value of n from which T becomes the minimum to the value of each 
deltaV exists, and it turns out that deltaV takes the value of this n for becoming small, and it is large. When deltaV is 
500 mV or less, compared with the search time of the RAMPS can method of n= 1, it turns out that search time can 
shorten overwhelmingly with a reference voltage selfHbcusing method. The minimum of each T becomes so large that 
deltaV becomes small. That is, when performing higher-precision search, it means needing search time more. When 
performing a high-precision search at a high speed more from these results, it can be said that the reference voltage 
self-focusing method proposed this time is an effective technique. 

[0020] Drawing 6 realized WTA with this reference voltage self-focusing method by oscillated type nuMOS WTA. As for 
this figure, a matching block shows operation of WTA at the time of a precharge cycle using a simple block diagram. 
nuMOS comparator (603) is prepared for 256-piece parallel, and the difference absolute value distance (601) acquired 
with a matching block as stated previously is stored as an electric charge on each floating gate (602). The output of 
these 256 comparators is brought together in an OR gate (608). Furthermore, the output of an OR gate has high gain 
amplifier (609) and composition fed back to the reference voltage signal input terminal (612) of all the comparators via 
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the variable resistor (611) controlled by the controller (610). Therefore, if these will form nuMOS ring oscillator of 256 
multiplex loops and are operated as it is, reference voltage VR (612) will be oscillated with a certain voltage swing. 
[0021]It is made to oscillate by this ring oscillator, and the discrimination precision of the maximum of a threshold and 
other values is determined by the standup of a ****** VR waveform, and the sweep rate and loop delay time of falling. 
High gain amplifier depends for a sweep rate on the current driving capacity which drives the input capacitance of all 
the nuMOS comparators via a variable resistor. In order to control so that VR carries out selfHbcusing, the value of the 
variable resistor was changed dynamically, current driving capacity was changed, and the sweep rate was controlled. 
[0022]First, the value of the variable resistor is set as the smallest thing. Therefore, the reference voltage input 
capacitance of nuMOS comparator charged by Vdd in the evaluation cycle of the matching block is discharged at high 
speed, and VR is changed sharply. That is, a high speed and a coarse search will be performed. If VR passes the 
maximum threshold of nuMOS comparator, nuMOS comparator will be reversed and the signal will be again fed back to 
the input gate of nuMOS comparator via an OR gate, high gain amplifier, and a variable resistor. However, VR has 
already gone too far beyond the maximum threshold voltage by the time delay concerning this transfer. Then, in 
accordance with a signal being fed back, the value of a variable resistor is changed to a bigger thing by a controller, a 
sweep rate is made late and an input gate is charged shortly. Thereby, it becomes loose [ the amount of change of VR ], 
and a slightly high-precision search is performed. It carries out by repeating the operation same after that, and the 
sweep rate of VR is decreased one by one, the overshoot of VR is reduced, and retrieval precision is made to increase 
gradually by increasing the value of a variable resistor gradually. In a culmination, the value of a variable resistor is set 
as the biggest value, and a search of the maximum high degree of accuracy to which VR is changed very slowly is 
performed. Thus, it is made to oscillate only the comparator which controls the sweep rate of VR and has shortest 
distance information eventually. The place with the shortest distance is incorporated into latch circuitry (605) as a 
binary signal in the stage which the position determined, by WO circuit (606), codes the position and obtains an 8-bit 
code (607). 

[0023]In the conventional nuMOS WTA circuit, from the WTA exterior, the ramp signal needed to be inputted and 
minimum search needed to be performed. However, by this method, the reference voltage signal used for nuMOS 
comparator can generate automatically. For this reason, it can be said that it is a circuit with an autonomous control 
facility. 

[0024]Although the OR gate was used in this example, when an AND gate is used here, it cannot be overemphasized 
that others can oscillate only the comparator which has maximum distance with the completely same composition. 
[0025]In this WTA, the reference voltage in each sweep stage changes exponentially by the RC time constant 
determined with the variable resistor value at that time, and the full load capacity of a reference voltage signal, and that 
speed changes with values of the reference voltage at the time of a sweep start. Therefore, the completely same 
operation as reference voltage control of drawing 4 is unrealizable in this circuit. However, it is possible to realize the 
operation in false and to attain improvement in the speed of search. Here, in order to simplify a problem, all the 
temporal changes of reference voltage assumed that it changed linearly with the sweep rate decided by a RC time 
constant, and the reference voltage self-focusing method was realized. The value which divided the power supply 
voltage Vdd by the RC time constant at that time defined the sweep rate by this RC time constant. In order to make 
the last sweep rate by a RC time constant equal to Lf of the formula 6, last variable resistor value Rf [omega] was 
defined like the formula 10. 

R i =V dd/ C VrM 10 > 

CVr [F] is a value of the full load capacity of the reference voltage signal line extracted out of a circuit here. It is the 
value Ri of a variable resistor [ in / the value of n to which retrieval speed serves as the minimum from circuit delay 

according to drawing 5 is defined, and / the other i— th sweep phase ] Rj=(deltaV/V dd ) ^ n_1/n ^ R f (1 1) from the value of a 

of the formula 7 

It was set as Mr. **. However, in this method, search voltage is the maximum, and in order to start a sweep of 
reference voltage from power supply voltage, the number of the values of n certainly needs to be odd. 
[0026]nuMOS AVQ processor uses trial production service of the University of Tokyo large scale integration circuit 
design educational center (VDEC), and is Motorola 1.5micrometer CMOS. A prototype was built by the two-layer 
polysilicon two-layer metal process. 

[0027]nuMOS multiple-value ROM memory was made to memorize the value of Vm expressed with the multiple value of 
17 values by constituting C1 and C2 of a difference absolute-value circuit from unit capacitance of a total of 16 pieces, 
and changing the ratio suitably in the AVQ processor produced this time. Drawing 7 is the result of observing operation 
of the difference absolute-value circuit which made 0 memorize as a level of Vm with a HSPICE simulation. Motorola 
1.5micrometer according [ this result ] to VDEC trial production service here It is obtained using the device parameter 
of MOSFET of LEVEL=28 extracted from the CMOS process. P-nu MOS which performs source follower operation was 
taken as W/L=3micrometer/1 .5 micrometers of the minimum design rule. C1 and C2 were constituted from capacity of 
one-unit 16fF, and since zero level was expressed with this simulation, capacity was set up by the ratio of C1:C2=0:16. 
Power supply voltage Vdd was set to 5V, set |Vtp+| to 1V, and performed charge of the floating gate by 4V. Operation 
of the difference absolute-value circuit was observed in also building on a simulation the switching block (drawing 2) 
which changes an external input signal so that it may correspond to a precharge cycle and each evaluation cycle, and 
inputting this output into a difference absolute-value circuit. In order to reproduce the state of a still more nearly actual 
trial chip as correctly as possible, parasitic capacitance obtained from the layout result, such as wiring capacity and 
substrate capacity, was also added, and the simulation was performed. 

[0028]The 1 st step of waveform of drawing 7 is an external input signal (703), and zero to 1 6 levels have inputted the 
multiple-value voltage of 17 values with the dynamic range of 5V for every 500~ns cycle. The 2nd step and the 3rd step 
of waveform (704,705,706,707) is a signal wave form which is outputted from a switching block and inputted into C1 of 
the input gate of the right and left of a difference absolute-value circuit, and C2, respectively. Thus, the difference 
absolute value operation is performed by changing a value alternately with right and left to one external input signal. The 
4th step of waveform shows change (708,709) of the floating gate potential of p-nu MOS of the right and left of a 
difference absolute-value circuit. Since a memory level is 0 on these conditions, in an evaluation cycle, left floating gate 
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potential goes to a negative direction, the right goes to a positive direction with 4V as the starting point, and it is 
changing by the value corresponding to an input level, respectively. The rise of right potential has a maximum because 
forward bias is added to the source drain pn junction in a circuit and ON voltage is reached. The last waveform is the 
result of observing the output (710) of a difference absolute-value circuit. After floating gate voltage is stabilized as for 
source follower operation, it is performed, and it discharges the electric charge stored in output load capacity by this. In 
this result, it turns out that discharge is altogether performed corresponding to the floating gate potential of left-hand 
side p-nu MOS. 

[0029]A difference absolute-value circuit with the multiple-value ROM composition of all 17 levels is constituted from 
the same method as drawing 7, and the result of having asked for the output characteristics to the external input signal 
with the simulation is shown in drawing 8. The dynamic range of the output was 3.4V from 1.32V to 4.72V, and the ratio 
to the power supply voltage 5V was 0.68. The almost linearity characteristic is obtained over all input levels. This AVQ 
processor was made to memorize beforehand 16-dimensional 256 code books created in pictures using the self- 
organization map of Kohonen using these difference absolute-value circuits at the time of layout creation. 
[0030]The reason for having used p-nu MOS as an MOSFET which performs source follower operation here this time is 
because the used chip fabrication process was a single n well CMOS process. That is, it is because only p-nu MOS was 
used as a nuMOS to which source follower operation is made to perform in order to connect the substrate of MOSFET 
with a source electrode too hastily, to control the potential independently respectively and to remove change of the 
threshold by a board bias effect. Therefore, if a manufacturing process allows, even if it will use n-nu MOS, it is possible 
to constitute a difference absolute -value circuit from same method. 

[0031 ]The composition of nuMOS comparator is shown in drawing 9. nuMOS comparator has five steps of inverter 
composition, in order to realize a high gain. Two or more inputs are connected to the CMOS inverter (910) by capacitive 
coupling, and the 1st step is nu MOS inverter. All the remainder are the usual CMOS inverters (913, 915, 916, 917), and 
the 2nd step of the input is connected to the output of the 1st step of nu MOS inverter via capacitive coupling. 
Capacitive coupling of the floating gate of nu MOS inverter is carried out by the ratio of 16 inputs (it collects as one 
input simply here, and is writing) from a matching cell, and each reference signal input to 1 to 1. Where bias of the 
reference signal input is carried out to Vdd at the time of reset, difference absolute value distance is inputted from a 
matching cell, and the 1 st step and the 2nd step of input and output of an inverter are short-circuited one by one. 
Difference absolute value distance is stored in the floating gate of nu MOS inverter as an electric charge by this, and 
the threshold of nuMOS comparator is set as the voltage corresponding to distance. At the time of WTA operation, the 
input from a matching cell serves as Vdd, and refers to a reference voltage signal. 

[0032]In this AVQ processor, the retrieval precision in WTA was set to 5 mV, and it was decided that the number of 
sweep would be taken to five steps using drawing 6. According to the formulas 10 and 1 1, the value of the variable 
resistor in each cycle was determined from this. The equivalent circuit and its change sequence of a variable resistor 
for realizing the resistance calculated in this way are shown in drawing 10. The ON resistance was set up because a 
variable resistor adjusts the W/L ratio of each MOSFET suitably, using five CMOS switches in parallel, and the whole 
resistance was realized in turning on and turning these off. That control observed the output of the OR gate of WTA by 
the controller, detected that standup and falling edge, and as shown in a figure according to this timing, it was 
performed. 

[0033]The result of having observed operation of the reference voltage seltHbcusing type WTA circuit which was 
carried out in this way at drawing 1 1 , and was constituted in the HSPICE simulation is shown. In this simulation, 2.5V 
was altogether inputted into the input terminal from the matching block of one comparator among 256 nuMOS 
comparators, and others inputted voltage lower 10 mV than this, and performed the reset cycle of the comparator. The 
1st step of waveform (1 107, 1 108) observes a reference voltage signal and the output signal from the OR gate which 
summarizes the output from a comparator. The 2nd step of waveform (1 109, 1 110) is an output of nuMOS comparator 
with the highest threshold (winner), and the other comparator (loser). The 3rd step of waveform (1111, 1112) is an 
output of latch circuitry. Signs that a reference signal settles in 2.5V of a desired value in self-focusing by five sweeps, 
and goes are observed. In connection with this, the oscillation of a loser's output has stopped on the way, and only the 
winner's output has repeated the oscillation eventually. After a sweep will be completed 5 times so that clearly if a 
figure is seen, the sorting result of a winner and a loser is held by taking the output of all the nuMOS comparators into 
latch circuitry. In this simulation, the time delay td was about 10 ns, and maximum search time was about 280 ns. 
****** by which about 18 times as many improvement in speed is realized compared with the RAMPS can method by 
using a self-focusing method from the formula 9 on this about 5micro condition since it is set to sec when the RAMPS 
can method realizes same operation although it is late a little compared with the value shown by drawing 6 — things 
were understood. 

[0034]The chip photograph of the analog VQ chip produced this time is shown in drawing 12. A chip size is 7.2 mm 7.2 
mm, and is stored in the 208pin SQFP package. The matching network for 256 code book vectors arranged by dividing 
into by halves up and down. It has the composition that arrange a WTA circuit and WO circuit at the center, and a 
difference absolute value distance signal is outputted to it toward the center of a chip. The wiring which transmits a 
reference signal to 256 nuMOS comparators was considered as constituting from a H-Tree method and the difference 
of a time delay being controlled as much as possible. The result of having measured with the digital VQ processor the 
circuit area of the chip produced this time for every element block is shown in drawing 1 3. Since a digital VQ processor 
was a 0.6-micrometer design rule, comparison of the circuit area converted the area of the analog VQ processor into 
0.6 micrometer, and performed it. Comparison shows that about 85% of reduction of area is attained in an analog VQ 
processor. This is because the circuit structure of the difference absolute-value circuit which occupied most circuits 
was substantially reduced by having used the analog multiple-value circuit. It can be said that VQ processor 
corresponding to 2048 code book vectors is realizable enough with one chip by using this analog multiple-value method 
by a 0.6-micrometer design rule from this result. 

[0035]The result of having used the logic analyzer and having measured the chip whole waveform of operation is shown 
in drawing 14. This measurement was performed by inputting the same vector as the code book vectors of No. 125 and 
No. 126 in a chip by turns. The control signal was designed in this chip production input from 4 exteriors to 5 and a WTA 
block to a vector matching block. This is for avoiding the problem by timing gap of the control signal in analog circuitry. 
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Control of the chip is performed so that pipeline operation as above-mentioned may be performed. A Smicrosec cycle 
and working speed are the results of outputting a desired value, although it was late. 

[0036]The result of having measured the waveform of the WTA block of operation using the oscilloscope is shown in 
drawing 15. The 1st step and the 2nd step of signal are a control signal for reset of nuMOS comparator, and a feedback 
control signal of nuMOS ring oscillator, respectively. The 3rd step of waveform is the result of observing the situation of 
change of a reference voltage signal through the op amplifier of a voltage follower. The 4th step and the 5th step of 
waveform observe the output wave and latch signal output of an OR gate, respectively. 

[0037] Five steps of self-focusing operations of reference voltage were checked like simulation waveforms, and it has 
checked that the switching sequence of a variable resistor was operating normally. Compared with the result of a 
simulation, as for the output wave of an OR gate, the remarkable result to which the period of 0 becomes shorter than 
the period of 1 is obtained. This is because the speed has the character which becomes quick in the control of a sweep 
rate which used the RC time constant so that the voltage width to change is large. That is, it is thought that it is 
because the direction of the speed discharged toward 0V since the maximum threshold of nuMOS comparator has 
approached the Vdd side in this case is in the tendency which becomes quicker than the speed charged toward 5V. 
[0038]In this design, the simulation and the design were performed for the purpose of the search time of WTA being 
settled within 500 ns to all the comparator maximum threshold voltage. However, a result which will spend about 
1 microsec by the time a latch starts actually was brought. Although this cause was not made clearly, the influence of 
the parasitic capacitance etc. of the reference voltage signal line which was not able to be extracted by design in the 
actually produced circuit still existed, or is surmising whether the feedback time delay differed from the simulation result 
actually. However, when it is going to perform the same thing by the RAMPS can method also by this result, If a sweep 
rate must be set to less than 0.5v/microsec and 1.5V is swept now in order to take out the accuracy of 5 mV, even if 
circuit delay considers 10 ns, about [ 3microsec ] search time will start inevitably. In this case, if compared, this 
reference signal self-focusing method can be said to secure an about 3-time speed predominance unexpectedly. 
[0039]Drawing 16 is the result of measuring independently the amount of used electricity of the vector matching block 
(AVC) at the time of operation of a chip, a WTA block, and each WO block to the clock frequency. One pipeline cycle of 
an AVQ processor defined one cycle which determines frequency here. On the whole, it saw, the direct-current power 
consumption ingredient occupied most mostly, and it was about a little less than 1W in amount of used electricity on the 
whole. 

(Example 2) The 2nd example of this invention is described using the circuit diagram of drawin g 17. Drawing 17 
transposes the inner OR gate of the circuit diagram of drawing 6 to the logic circuit 1 708, The latch circuitry 1 705 and 
1706 is connected to two-step series as a store circuit, these outputs are inputted into the exclusive OR gate 1707, 
respectively, it has the composition of obtaining the search results to a predetermined vector with the output, and 
others have taken the same composition as the case of Example 1 . Here, the logic gate 1 708 shows as an example the 
circuit from which 1 is taken out, when the number of one becomes three or more among the outputs from each 
comparator. Therefore, by the same operation as the case of Example 1, eventually, only the comparator by which a big 
distance was inputted into the 3rd of the inputted distance will repeat 1 and 0 periodically, and will output them in this 
circuit. The logic gate 1708 can be realized using publicly known circuit art. For example, even if it uses the neuron MOS 
transistors which can realize variable threshold operation easily by a multi input, it is known well that this circuit can be 
constituted. It is realizable even if it uses other digital logic circuits. Since the latch circuitry 1705 and 1706 is 
connected in series in this example, two, the output of each comparator when search by the change of a variable 
resistor reaches a culmination, and the output in the stage of the 1 time ago, are memorizable with the latch signal 
1715. Therefore, it is possible by inputting the value of these outputs into an exclusive OR gate, respectively, and 
comparing the difference to identify the position of the comparator which repeats change of an output also in a 
culmination. Thereby, the size of distance became possible [ searching that whose number is the 3rd ]. this example is 
one example of this invention to the last, and it cannot be overemphasized that it is also easily realizable to also make 
into the 4th the size of the distance searched with taking the same composition, to also use the 10th, or for it to be 
alike other than this and to carry out. Since setting out of the number of 1 in the logic gate 1 708 can be easily changed 
by a control-input electrode if a variable threshold element like especially neuron MOS transistors is used, the 
composition which changes this ranking free with the electric control signal 1716 from the outside is easily realizable. It 
cannot be overemphasized that it can realize even if the logic gate where it does not adhere to neuron MOS transistors, 
but ** can also change setting out of the number of 1 with an external signal uses other publicly known art. Even if it is 
not the composition of the store circuit in this example, it cannot be overemphasized that other circuits which fill the 
same function may be used. 
[0040] 

[Effect of the Invention]According to this invention, the semiconductor arithmetic unit which is high-speed and highly 
precise and realizes the maximum used by the vector quantization processor which comprised a binary, a multiple value, 
and an analog fusion type arithmetic processing circuit, or minimum retrieval computing is realizable. It also becomes 
possible to add the function to search a vector with the distance of still more nearly required ranking. 



[Translation done.] 
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U ft/hfltlESt^oa— hVy^^^ Wwoffcgletf) 40 

^TOt-TSo WTA"COS#i(S*tt256fl©9yf-|Ell& 
(10 4) Mftjf &2X-?:£>^W0 (Winner-Observer) 7' 

b*^ (10 5) \z.te^X'M-rV Kt-^LW^ 

[0 0 11] H2l±^<^ h;UT-7fy^n-7^©ii 

•te^ m^Mitm^) (2 0 3) Srt^F«ttE50Lfc 
iftoTVSo ^ATfn^ h;V (2 0 1) © 50 
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#g*tt^^7fy7Vp->^ (2 0 2) £^L-CM5lJ 
ir^-Cro-ry^V^-feA' (2 0 3) f^ia$ttS„ Ztl 

^fi<D^y^y^±;v (2 0 3) Clin- 

?>LT vMOSn^U— ?«7D- J- AS 7?— Y (2 

0 4) t£fei££*u :®7d- 7- AS??— y±.t*vm 
let 19 SE^ifi^ttlSi^ft&ti/S. 

[0 0 12] H3^*i-«fc, •vy?-Z'?*A>\iJj}P 

— h &2of#o[Pr|— ffrftlCDp- v M0S&2flgM?lJ(eg|i Lfc 

v M0S y — * 7 * a T • #fitR0M^ JJ — ttSH'iHfe 
»flt|l]f&SrfflVT#^LfCo rr-eVin Vmtt^ft-Pfrl 

^rWE&%t> LTV*5o VmtfMfite v M0S#fjlR0M^ ^Dfi 
#f^rjSfflLrtt^2o(7)vM0SO7n— Stftf— Y\c 

^-f"S^*Cl (3 10, 3 12) fcC2 (3 1 1, 3 1 

3) ©gi^Jfcfc £9 Bit 3*1/08 0, ZtDitttUj 

£LT*5<. IWSFttfctti, ^tLm©A^Sffi^CS 
KSffVdd (3 14) «bVss(=0) (3 15) SrWH&l-Sr. 
£ T% v M0S©7 n-T- -f r ±|!lR**Ji-r. b 

5 ft* A* LfcBf £ ^B«J l£ m IMS i: ft 5 „ 
V„=Ci / (C1+C2) (1) 

(3 19) ti^y^x— ^ayf/f^/I/ (3 2 
2) ©2o<Of-^^/H^ftflt»il5. /yft-v 5 
f-^T ^ ^Tli-tix-Pft© 7 a — r -f is??— Y £Vdd- 1 
Vtp+| (3 0 7) (r/VTXi-So r r T?Vtp+fip- v M0S 
©7n-r^f SW— Yfrb Efcp-MOSFETCM-fitDEEV 
tpi f^STAtftffii-K^-rSc ^ytm^jB^ (3 0 
8) ttVddt^^Ltil^A#^4^7 B y^i'-v ? L-C*3 
< o ' ©H#2o©p- v M0S}i0N^ffi(-J> 5 GOT* K ^ffllj 
to^S^-fyf (3 0 4) S:§J D jra««E*sith/5 
roSrB6v ,, TJ3<„ Vint-ifl|K>p- v M0S©ffi*® 

A*^ (3 10, 3 11) [^A^L V £{Ij£Dp-vM0S 
COA73^i-{4A*#*Cl (3 12) (^Vdd (3 1 

4) , A7^1^*C2 (3 13) i^Vss (3 15) 

tl^ttVin t Vm^A^J $ ftfc r. t (eft u , r fl b ^>W±. 

fit i-tl ^ 1" 5 e#*^^05p- v M0S © 7 n —7^ 

- h I^Mtifi bixS r t left So 

[0 0 13] WCi^Usi-v'gyt-l'^;!' (3 2 
2) Tfl, 7Q- h Vdd- 1 Vtp+ 1 (30 
7) 3i»&9Jt)(tLfca, p-vMOSWA^iffi^^MT^ 
Srfe*^$*So ^ttlej; <9feP&(7)p-vM0S(D7n — 
y~ 4"yy >f— Y 60KJ± <J> FU <j> FRIi-ttL^iSk^TSt) 
^ti-SfliftSo 
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I + v (Vi„ -v») 
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|-C*y— ;MII©*-f yf-SrOFFMU K 
W^ftlJ©*-!' yf- (3 0 4) £0Nt1-.5r 2o 

^HJ±^;£;fr©p-vMOS 7^ ~y*ff— Miff© 

f*j ©l£l/^©*l±ffik:HMfmj±| Vtp| £#H* Lfdttfc III 
Cttffifc* 5 4 -etH* Affile**. hfrX^tzMffift1fo%> 

£ft5 0 ft^tffi^fllBEVout^SJjil-Stti, 
V«. t =V dd - A-y | Vi„ -V. | 
A = | Vt P . | - | V* | (3) 

[0 0 14] H2(-^-t"ilf-s 1OC0 vUOS^y^U— 5> 

otamtt^ io#Be,*j±m^A*-t-5^- Mr 

£ jxt l * 3 £T ©§*©-a-ft il^CA^ £ ©§*f( t ft 

5 <fc 5 Lfc 0 rrTr©^*ittt^©f$©lSftty§ 

M^f&^flti^if^m^ftTv^Pfg (^^y ^-v-h 

JdEif-^-roA^^iivdd^/WT^L-rfcXo ~tU-<£ 

{ifllffii: LTvMOSray^y— ?©7D- y-jl/tftf^- 
M£*x.e>*U ll^&#ttiEl«t^ffMS£WTA*Ml©^ *30 

T = Vt/ / (aLo) +td+ (n-1) 
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[ooi5] V )sos=i>y<u—? (Dmmmv&zti, £ 



■Pti© v mos =i y/< v— ? © Hfit^T y f- y ^©^-g-v ^ 
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KKfcU ^(^©iigSrlH&i'a-frfo.lgT;* 



r r T'VT[V] tttt-il*J±Vddd^^^-t"^t v MOS =3 y,< 

v— $ ©* AK<tsj±* x<Dmmmmxhz> a 
[0017] mn&mz&rtzmmxitj&exikmzti 

JiSLf [V/sec] WTT-^Mft -§-*^{b £ * 3 &5 

Lt = AV/ta (6) 

AV[V]ttS*Six5tft*»S-C*)5, tdtsec] ^ 
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©H#^#S>;ix5„ r©IS*3j»fo**a;©ti^'lft*i*lB 40 

T= (Vt + AV) /L t (9) 

'©sSiiWTAT^^^mST©^ 

[0019] Ti<DWiZ%iW%$W1$%.'btt£Z> <t 9 t-Sfe 
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#R8*£E* , ^t- vMOSay^U— ^©PfS©ftA 
Wi£i-i|X*$-frTV^< ^SrSlo-CV^. " r.T"ai41 
J^T©3E©fei:-C"fc So - ©@ V ^TL0 [V/sec] {4^4 

L«=Vdd /td (4) 

»ia»©»5ltt»5liaLSaLo-efT4 5 r 1 1 Ltz 0 

iLTV^5 0 »9ltff45lEl«CtnlIi:Lfcfc#, 04j6> 
(a"' td+td) (5) 



a= (AV/Vdd ) 1A (7) 

[0 0 18] ^4t^7Sr5S;5ic{-tALi 



[SanLO^i^ r. ©Lf 



(Vdd /AV) "" +n) (8) 

tftS!ll*MT©ifiSri»3liaftn^»Lr^o y b Lfct>©Tf 
feS„ -©H-^TflASW^/^^-^t LTVdd=5V, 
td=10nse C> VT=4V^rffll/ , 'fc 0 #AV©ffiHMLT^^/jN}r. 
fc5n©gG&S#£U r©n©ffif4AV^/h$ < /jCifcit 
HTAt<^o-CV^5-i:^2»a AV^500mVJWT©^ 
^ n=l©7 ^-t >*S;©^^^f-lt-<T, # 

^tim©T©^/Nfi(4AV^,h 

^</£5(St'A^<^5 0 -t-3jc*3*), J;t)iHfS©^v^ 
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[0 0 2 0] rL<o#B8«ES aJRj|t*S;4rl*oWTA4:* 
JgSvMOS WTA(C± «9H^Lfc»^|l|6-t?fc-5 0 rcDHfi 
y ^ y*7* n y ^ $ 7° JJ ^-f — y /VBf OWTA© 

MOS=>vnW— y- (6 0 3) tt256|gilfe?IJ^fflSL, 

sgBf (601) tfzti^tKDy v—t j ^ftf— h (6 

0 2) ±(C*^fi: LXWX.btlX^Z> 0 r©256f@©3 
^/^-y-^ffiTJfiOR^- h (6 0 8) IcMtbbthZo 
£b\C0tt.?—h<Dti! l jJtfiB}?4y7y~7 (6 0 9) t = 
(6 1 0) ^ftlJ$P£*xfc^ffij?L (6 1 1) 

(6 12) t^7^-K^y^Sn5«^i^oTV^ 0 

£-t±ftiJ#J$*J£VR (6 1 2) life5tEIIS*t-ot 
[0 0 2 1] Wft<Dft±|ti:-?:(»ffi©ttt(75^iJSS« 

tii&fr LTi;T© v M0S3 1/-^ CDA7J§1:£1E®! 

[0022] Rr»fel(D#:srftti/J^$^^ 

OS n y/^ y* (D^MMfeAjJ&HtMM^MLM £tu 

£tl& r t S-&5o VR^ v M0S=i y" ©ft^Mfi 

SriiiH-^i: vMOS^^P—y-^R^U -^©{f^O 
R^'-K M?J>7l/7te£.-(l^m£XK*ft\sXm-(l 
v M0S3 >v-S l/— ^ (DAtl^— h A — K'* y 9 £ 

5o L r ^^^aM^^r-VRttft^Hfitt 

Kit* ^ t icX *Q VR<DmVM&*mik%i'P£-&. 
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mi^tcRmXyU-tVin^rtLXyyf-^ (6 0 5) 
KStCii^ WO0S& (6 0 6) {ckiXZ 

itls&V'y K (6 0 7) £#5 0 

[0 0 2 3] v MOS WTAHISS-efiWTA^fP i07V 

L £ (Djj&Xtt v M0S=> yy< u- ? ['•ffiffl-rs #M®± 

[0 0 2 4] Sfc, *H160ili::*5V^-CttOR^-hS:ffl 
V^cj)\ rrtANDy-hSrffl^fc*^, fHJl£<lH] 

m^m^xm^mm^w-o =< u-y- o^.sr5s« s * 

[0 0 2 5] r©WTAR:i3V^-C4M»§iai»fcj3rJ5#«H 

# o t r. © m&-?m<o&mw£Mm t ± < m cftf^ 
ra)a?rfli Wb-r 5 fc «> izmmmi±(Dmr$mktis±xRcm 

3%6<DLf t L < 1"5 fc ft , ft^-SJ^ffigittRf [ Q ] * 
S;i0»^cSftfc o 

Ri =Vdd /Cv, Lf (10) 

ri-eCVr[F]{tlHlf& t P^bffittlStl-5#.^mjEffl^-7l' 
^<D±Mffi&m<DmxhZ>„ £fc|Hllftt£i;ft»e>H5lc{E 

Ri = (AV/Vdd ) <n " 7n> R, (11) 
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[0 0 2 6] v MOS AVQ^n -fe y f-f4^A^A^* 

^lElS&KH-irW-fe (VDEC) <Df*f£f— t*^ ^rffl^^T 

Motorola 1. 5/tm CMOS 2gsK !) v' U = V2g^ ^/V^o 
[0 0 2 7] 4-[l]^ML7tAVQ7 B c-feyf-t:1i, 

v M0S#fjtR0M^ * D J^IEit ^-tirfco 07(4Vm<© i 

LTOSrEtt Sl^lft^'fltiaKWIbf^SrHSPICE^ 5 

^SUVDECWf^f — t"^- ± ^Motorola 1. 5 jtt m CMOS 7" 
n-tX^^P>tttH$ HfcLEVEL=28©M0SFETCOT f >'^'(' ^ ^ 7 
t—f&m^Xftbfttch'DX'hZ,, v—*y±v79> 

W*'<ft£ 5 P- v MOSfl^/J^tf-v'V— ;K£>W/L=3 ai m/1. 5 ai m 
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t Lfc 0 4^Cl*5«tt)5C2f±1^16fF(^W*t?flf^L-r 

*s!9, :©^^i"- *s * >Xttai"<)\'*Ut>-?tz#> 

t'Cl :C2=0 : 16©it*T^i^S Lfc 0 WMM&Vddm 

kolzWo^TtZx-f yfy^P^ (02) fcs^ 

[0 0 2 8] 07(7)1® B ©aSjgtt^SSA^flr^" (7 0 
3) 5VCDy-f ^5 -y^ UVi?5rf$ol74t<D#tf 

HJ±£-0 W<A^ 6) 16 l"<;U-§i -C500nsecf--l' tnv%\z.A 
^)LW5„ 2®g i: 3® S <D$E3# (7 0 4, 7 0 5, 7 
0 6, 7 0 7) yfV^n y ^kffi^tbH 

fr&StffilHl&CDfcfrroA;^- hOCl, C2t^tlftlA 

^■CDp-vM0S<7)7n— yif^f— YW$L<Dl£ik (7 0 

8, 709) ^lt^?> 0 ^m^fHcfc^-aiteii 

t^-Cli4V&|E,£i UTSO7 0-f^v^- bMiiLft 

mmm^mti (710 £H9jLfc!^:fo5 0 y 30 

[0 0 2 9] m7tmW£U&Xl7l"<^±X<D£mKM 

^§rEl8[C^-rc tb^JCO^Vi"^ I^^v ? ttl.32V^£) 

4. 72VS^<7)3. 4VT?fc 9 flMfiffiSVtCx^SitiiO. 681? 40 

&ofc A* u^<si'±X\zMiXm£B.W£¥fm s >ni> 

^ffltctf^ Lfcl6^5c256fiW = - Y^fy ^Srl^-l'T r > 

[0030] r ^T-4-[Hiy-^y^DTib^s-fif7i5Mo 

SFETi LTp-vMOSSrffll^fdSSii, •Uffl Lfc^^7°M 

it y n -tr * as i> ^ 7vcmos y n -k x -e & o tz tz & x 

m{iL&&* m±Kmm w r * %smz x s mm<n 50 



3 vMOSt LTfip-vMOS L;WH^3 r t ftfro 
tztzlbXhZ, L.tzftoXm&-7a±X ^fF* ff n- v M0 

[0 0 3 1 ] 09(' vM0S=JV^U— ^(DffirfZ&^-te v 

mos 3 y/< v— 9 tiMtfj v^-^M-fZ) tz * dsgco-f y 
^-^#f$t&o-c^3 0 1 J£ g f±m*©A;^i*|± 

-^[CtoTCMOS-i'^— ^ (9 10) tCg^$^"C*5 

9, vM0Ss<ys<—?xhZ), n<Oit±xm^(D(Mosy 

l//<—9 (913, 915, 916, 917) Xfo <0 , 
2© B fcltt±^»@-a-*^ LT1S B (T> v MOS-f ^/^-^ 

cotti^ir-?:(7)A^l^gg§tiTi/^ 0 vMOS-Y^-^ 
At) (' ZXii^mzl-otDA^t LTSifetfWT 

^5) 43 i tF#f£m -i-A^^tim <b i*fi (D\kx®m.m 

A*L, lSBi2SB<O^W<-^cDAtU*^I^SI& 
7n-f-f Wf— Y\zMMk LXWz-bti, vMOS^ 
mhW)i^\UtT y=f-y^±/^b(DAtlltVddtti: 9 , 
[0 0 3 2] ^•|Hl©AVQy 0 n-k5/-^-efiWTAiC*Jt't5^^ 

r i^**fc 0 rttJ; ^sio*5j;t5ii(^v^-y--r 

[0 0 3 3] g]ll[cr(75fl|[CL-C«jS;Lfc#Mlt)±@a 
ltZ^MffTA|l]?g©t(l^*HSPICEv' 5! =. >3 ^ir-CH 

SI htz^^-to U— S/ 3 yX\*256ffi(D 

tt^tti <Q lOmVffi^flJE^A^lL^^i/— iry 
h-y-^^/WSrH^LfCo l^BcOft^ (110 7, 11 
0 8) fm«*J±{f-^t=^^-^^fe»aj^lSrS«k 
fe-SOR^- bfrh<Dltit)m^r$:MMLtzh<DX&% c 2 

&ne>$LB (110 9, 1110) flfttSSfI»i«v^v 

(fe^-) (DtHtlXh^o 3©B©S^ (1111, 11 

12) i*7 y^mBtDiatixh^. mmm^5moo 

§1 (1 £ "9 B SUZSWfC B Sl{tt<7?2. 5V(C^^#V ^r^T < 
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!410nsecgS"C*> 5 , M±i&tkM&T IHJ4iRl280nsecT?*> 

[0 0 3 4] 012^0^84 L^tr^o^VQf-s'T'K)^ 
y^JCSrjjrf,, y T'f-'f ^f±7. 2mm 7.2mmTfcfJ20 
8pin SQFP^y^— S^MX^bftTl^So 256 = — HVy 

LTW7!>F^fTot D ^^{CWTAlHlKtWOllIK^ia 

S L£$l6#ttEftfll ^ y ^ © * 'tf ft a » o T fflyj 
^jl5t^iftoT^5„ #^fl-^-Sr256flaOvM0S=i>- 

©^feWf&ISft^J: ?#Jf:LfCc Hl3fc^|HlffiH L 
fcf - y ^©[elg&ffi^&^Sf :/ o y if %\ZJt*s9M%t° 
u±yfb tiM Lfclfrfc&jjs-f. ? is? /WQ^n -fe y ?■ 

fVQ-fu-t y -^O®@tr0. 6 At mt£&& LTtTo fc 0 Jfc$fc 

©fen, i085%©a58»i/J^ST-tn m/B*ytH:*5 

ffl ^ fc r. t -c^B tft/J" § Hfc fc » T fc 3 o - © 
|£*a»?>^|El©7-7-n y#fi|^S;$r0. 6 n mf ifW WW- 30 

L/cVQT" p ir y f - £ If - y ^"C+^S."? 1 5 £ V ^ 

[0 0 3 5] mU\Z?-y7> , <D±#mi¥fc : ]&&aiS-y?T 
:7°©tf>£>125#il26#©=i — Y7* h/VipIC^ 

{25;$:, WTA^'n y ^ LTi±4^fP £ t) A7Jf 5 «t 

[0 0 3 6] mi5\OiThZf a y if ©IWSO^Sr^v'P* 
a-y*ffioTiJ^Lfcg^:^^-r„ ll£ g £ 2S @ ©ft 
^■teZtl^th v M0S n >v< ? © y -fe y f ©fc fc ©$0 
IMS* t v M0S y >^ y is V— 9 © 7 -f — K/< y ^ $J 
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[0 0 3 7] J/*a^J/s yft^t © 

©^r B iasi©«ra =t 9 s< fcswsfcttjwsw&avtv^ 

oT^*-t-.5ii^©*aS5V(dI^a^oT*lt1-SiiS J; & 

[0 0 3 8] 4-0©^ttt?f4WTA©^^a^T©3 
^SAKfitSE(->!t L-C500nsec^rt(dl|S^ 5 

»4-r^* £ ft o fc 0 r ©mh itm h a»e tt-e # fta^o 
a^ofc#fig*j±m^-7^ 

L -c v ^ , 5 v ^4 7 ^ - hv< y ^ Sii^ a s 

5V©jf 5| SrfTft 5 1 3 n sec@S©1t^B#F B ias ^ 5 LT h 
i^oTLi 5 c '©*-^f-tt:^}i4'lHl©#^f-§-l 
SJRS*^itt3ff @S©jSSWffi{itt«0 bT t*t&£ 

[0 0 3 9] 016fl^ yT/Wlbft^F©^ F/W->fy 
a y if (AVC) N WTA7"' o y ^ % WO^' a y ^ ZH^fMD 

m%mt>mzz<Dm{m'&mzMLxm*KMfeLtzi& 

rr-r'jiSi(**fe5if-^i!'>'WiAVQ7 p ci-fe 

(d^TE^SS*7J^aS(Sli7C^^(&fcT*3f9 , ^ft: 

-CIS) iwil © rS#fl7j *-e fc o fc 0 

*m^xmm-tz> 0 mn\-±m&<nm%km(DftoR>f~- 

Y*immi&l 7 0 8ilfi#m^, *fcffi«®»£ LT 
yy^@Kl 7 0 5, 1 7 0 6Sr2SE?0}-SicLrtl 

&©w**-tiv ! eiTjfffiWi*afty- m 7 o 7 i-atj 

t#5*i*tftoTfet9, ^©fdi{4^teF!li©^tfsHi 

©»^tV^. m-CttHa^— M 7 0 8(4^- 

ti?H<D=iy;su— ^a>f>©m^i©rt, i©j»^3£Jl± 

a^oT, Hi£^|l©#^i:^©I(i^^ct?), SHWi- 
ttr©|e]K-CitA7j$tLfcEE8l©5*>, 3#g[cA^ft 

Eg*asA7j^tbfc3^^-^©^a^ 1 tozmMftiz. 
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^iSLTW^-t-Sr h bteZo iiy- M 7 0 8(1 
7-7flHS&l 7 0 5, 1 7 0 6Srii:?iJ}cg^LT^5fc 

figSrP^-f-^r t^Bifg-efe5 0 rtttJ; 1 !)^^ 

t £ # $ 3 # g T? fc S <b » £ tfejR 1" 5 r. £ as "III 1 ft o 

^Srfflv^ttff „ nay- m 7 o s t-fctts 1 ©so 

Wffl:Sr^HB*»?>o«fttt«ifPfll*i 1 1 6tck«? B&te 
<z>K£*£JEt?# 5 Hay— h fiflfe©3H3i<B8flff:JBi^ 

Wfcfctt 51EltlIIJ&©*J«T?fe < T t 

EBSrJH^Tfc&i^r. t fit" 5 $Tt>fcv\ 

[0 0 4 0] 

ttC Sr#Jp-f -5 =. * t> ^T* i: ft So 

[0 1 ] v MOST ^n^W'n-fes/f- yt¥-<T 

[02] T-*ny<<9 hyw- 7 fy^7*By^„ 
[03] vMOSy— ^7tn7 • ^ffiROM^^y — ft:®H 
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[04] #HMtflE g BiKjfcfrjC 

[0 5] SC8tJ:9^f>tLfc#5liajRi:1**«flB©BB 



[El 6] #fl8SJESa42^SWinner-Take-Allo 

[07] vMos#ffi^^y fcosrfs«s*fci6iMft»iiaa 

S&CDHSPICE 5/ $ 3. 1/— v-a y^ff^ 
[0 8] HSPICEv-5 3. l/^v-a ^ic i 9 ft fcl7ffi£fEtt 
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0 9] vM0S^>v^U— 9<D 

010] ^ffi$L(D^ffi|ElKi:'?:©lbff^^>^ 

(a)jf3|lHlB36^2[iIg (b)2@g^e>3|Ili (c)3|HBd 
b40@ (d)4[HB^b5[eIgCD§J«9#Xl«lf^o 

[011] #KSffiiaiR*:MWTAiHi?&^HspicEi/^^ 

[012] Kf^LfcT-J-n^VQ^y^ICo 
[013] M1fry?hT^v#VQfry?<rm 

[014] n^y^T^^^fSrfflV^TJieLfcKff^ 

015] *^n^=i— y-caDELfcWTA^a y9W\fc 
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[016] y * onfWHMAiHfiejK. 

[017] *»W^IS2 0|llfiWSr*i-|lIKH"e*)5, 
[018] t£3lEa*Sr*i-[gKH"efc5o 
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